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Abstract 
Multiple linear regression model was employed to model child under age of five mortality rate and related factors in Asia of year 
2010.  Data analysis was carried out to find factors which influence the child mortality in Asia. Correlation analysis was done to 
check on the relationship among all the variables, as well as to identify the problem of multicollinearity in the data. Having fitted 
multiple linear regression, it was found that mortality rate of children under age of five in Asia countries are significantly 
influenced by percentage of case detection for all forms of tuberculosis, number of reported deaths on measles, number of 
population using an improved drinking water source, and number of birth trauma reported. Among those variable, it was 
identified that number of population using an improved drinking water source is the most important factor. 
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1. Introduction 
Recently, United Nation reported that the well-being of children has improved and child mortality rate has 
decreased remarkably in most countries through worldwide effort since year 1950 (UNESCAP) (2013). However, 
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there has been slower progress in reducing the neonatal mortality rate, and the progress in achieving the Millennium 
Development Goals (MDG) which was targeted to reduce the under-five mortality rate by two-thirds by year 2015 
seems insufficient.  
According to United Nations Children’s Fund (UNICEF, 2012), although the child mortality rate is falling 
globally, but there is still some high mortality rate in few regions that cause the decline rate is not quickly enough in 
sustaining children survival (UNICEF, 2012). Out of the 67 countries which are defined as having high child 
mortality rate region, only 10 countries are on track in meeting the MDG target. Based on the UN report 
(UNESCAP, 2013), East Asia shown the highest decline in child mortality rate, followed by Southeast Asia, West 
Asia, South Asia, and the lowest in Central Asia. The children under-five mortality rate in Asia had declined half of 
its percentage level between year 1990 and 2011. But, the progress of decline is also not fast enough to meet the 
MDG targets in child survival as mentioned. Based on that facts, the objectives of this study was to model the 
interrelationship between the Asia child under age of five mortality rate and its factors such as the carbon dioxide 
emissions, percentage of Hepatitis B immunization coverage among one-year-olds, percentage of case detection rate 
for all forms of tuberculosis, number of reported deaths on human immunodeficiency virus (HIV), number of 
reported deaths on measles, percentage of population using an improved drinking water source, percentage of 
children one-year-olds immunized against measles, and number of birth trauma reported. 
 
2. Literature Reviews 
2.1. Child mortality studies 
UNICEF (2013) mentioned that child mortality statistics in sub-Saharan Africa and south Asia shown the highest 
child death, which consist of 41% and 34%, respectively. A research in estimating the distribution of deaths in 
children of age under-five by several causes for 42 countries in year 2000 by using a prediction model was 
conducted by Black et. al (2003). The outcome from the prediction model was compared to the World Health 
Organization (WHO) statistics. An analysis on the differences between these two approaches were analyzed and 
contributed to an understanding to the strengths and weaknesses for those child mortality major causes, such as 
neonatal, diarrhea, respiratory infections, acquired immunodeficiency syndrome (AIDS) and other causes. 
Gabriele and Schettino (2008) had conducted few analyzes such as ordinary least square (OLS) regression 
technique to illustrate a model for basic causal relations among UN listed factors such as prevalence of underweight, 
and under-five child mortality. Furthermore, a seemingly unrelated regression (SUR) was also conducted to analyze 
the child mortality systems of the impact of underweight and under-five child mortality variables on high and low 
income families. Sarmin et. al (2014) made a study in predicting and comparing the Bangladesh mortality of 
children under-five caused by diarrhea between the Bangladesh children who showed septic shock and drowsiness 
in year 2010 and 2011. They analyzed their data with chi-square test in comparing the differences in proportions, the 
differences in means by Student’s t-test, and those data which were not normally distributed by Mann-Whitney test. 
2.2. Multiple linear regression model 
Draper and Smith (1981), and Aiken et al. (2003) have conducted studies regarding the use of multiple regression 
analysis as a general system in examining on the relationship for a few independent variables to a dependent 
variable. They also discussed more in model building of multiple linear relationships and the application of multiple 
relationships to the problems of analysis of variance. According to Draper and Smith (1981), the general form of 
multiple regression model which is used to investigate the contribution of various independent variables to 
dependent variable is written as, 
HEEEE  kk xxxy 22110 , (1) 
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where the dependent variable, y  is a linear function of k  independent variables, ,1x ,2x kx plus random errors, H . Meanwhile, 0E  denotes the intercept of the regression line, and ,1E ,2E kE  represent coefficients of 
independent variables. 
When there are multiple independent variables in the regression model, there is always a risk to have a problem 
of multicollinearity. Asteriou and Hall (2011) mentioned that multicollinearity is referring to the statistical 
phenomenon where two or more variables in a multiple regression model are highly correlated to each other. In 
other words, it is meant by the variables which are able to be linearly predicted from the other variables. In such 
situation, the estimated regression coefficients may cause misleading interpretation. In reality, it is almost 
impossible in meeting perfect multicollinearity.  
Chen (2012) presented an approach in ensuring a theoretically consistent estimate in the presence of 
multicollinearity which was statistically proven. This approach was needed in the used of basic statistical methods 
by using the robust conjecture approach to overcome the multicollinearity problems. He did a comparison through 
simulation study to show the performance among his proposed approach with OLS, the Ridge Regression and 
dropping-variable approach. Ozkale (2014) proposed a restricted two-parameter estimator which satisfied the linear 
regression restrictions in multicollinearity case. The mean square error (MSE) matrix criterion was examined by 
comparing the performance of the restricted two parameter estimator over the restricted least square (RLS) and OLS 
estimator. He also found out that the restricted Ridge Regression and restricted shrunken estimators which are the 
special cases of the restricted two parameter estimator to have smaller MSE matrix than RLS and OLS. When the 
error terms variance and the correlation between independent variables are large, the restricted two parameter 
estimator have a better performance than RLS estimator and OLS estimator. 
Recently, Mansson, Shukur, and Sjölander (2014) introduced a new Ridge Regression Granger Causality test by 
comparing the performance between this newly introduced test and the traditional Grager causality test which was 
always affected by the multicollinearity problem. This new test was proposed where ridge test played important role 
in estimating the parameters of regression model, instead of using OLS. They found out that this new test which 
proposed by them had decreased the problem on the over rejection to the true null hypothesis when there is high 
levels of multicolinearity like what always happened in the traditional OLS version of the Grager causity test. 
2.3. Applications of linear regression on population-related studies 
In statistical analysis for child mortality, data sets are usually split up and came from different separated sources. 
Hall, Fienberg, and Nardi (2011) proposed an approach which gave a full statistical calculation to a combined 
database by demonstrated through an experiment which used dataset of 51,016 cases and 22 covariates which were 
extracted from a population survey. Higazi et. al (2012) discussed on a study of factors affecting malnutrition in 96 
developing countries in the region of Asia, Africa, Middle East and North Africa. They started their analysis with 
stepwise regression to select significant variables in their mode and they found two significant variables which were 
average protein intake and infant mortality rate to have significant contributions. Furthermore, a linear mixed effect 
models were applied by using “location” as the random factor and human development index as the fixed factor.  
Brinker and Amonker (2013) studied about fertility rate among the states in India. They used Pearson’s 
correlation and multiple linear regression to analyze a National Family Health Surveys data in predicting factors in 
declining the fertility rate from socioeconomic indicators. They carried out multiple linear regression analysis to 
identify the socioeconomic factors which best predict the declines in fertility. Their study found that factors such as 
health care, education and the family planning played a significant role by lowering the fertility rate in India.  
3. Data and Methodology 
3.1. Data 
 
In this study, data of child mortality rate of 47 Asia countries in year 2010 was used. It was obtained from the 
annual reports and statistical year book of UNESCAP (2011), UNICEF (2011) and WHO (2011). For this study, 
variables which potentially contribute to this Asian child mortality rate were carbon dioxide emissions (metric tons 
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per capita), coverage of Hepatitis B (percentage of coverage), case detection rate for all forms of tuberculosis 
(percentage of detection), number of reported deaths on HIV, number of reported deaths on measles, population 
using an improved drinking water source (percentage of population), children immunized against measles 
(percentage of immunized), and number of birth trauma reported are involved. 
The data on child under age of five mortality rate were taken from the UNICEF (2011). For the carbon dioxide 
emissions, the percentage of population using an improved drinking water source, the percentage of children 
immunized against measles were collected from the UNESCAP (2011) database. Meanwhile, percentage of the 
coverage of Hepatitis B immunization, percentage of case detection rate for all forms of tuberculosis, number of 
reported deaths on HIV, number of reported deaths on measles, and number of birth trauma reported were gathered 
from the WHO (2011).  
 
3.2. Research methodology 
 
Correlation coefficient is important measure to figure out relationship between variables. According to Pearson 
(1896), a Pearson’s population correlation coefficient or the correlation coefficient is introduced to measure the 
dependence between two variables. The Pearson correlation is obtained by dividing the covariance of the two 
variables by the product of their standard deviation, 
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(2) 
where the  XV  is the standard deviation of X, YV is the standard deviation of Y, XP is the expected value of X, and 
YP  is the expected value of Y. 
Values of the correlation coefficient are always between -1 and +1, where the value of +1 indicates that two 
variables are perfectly related in a positive linear sense and a correlation coefficient of -1 indicates that two variables 
are perfectly related in a negative linear sense. Meanwhile, 0 value of the correlation coefficient indicates that there 
is no linear relationship between the two variables.  
Hence, a hypothesis testing on the correlation test was formulated as follows: 
:0H  0,  YXU  (there is no correlation between the two variables) 
:1H  0, zYXU  (there is a correlation between the two variables) 
In order to determine the relationship between two variables, t statistics of the correlation coefficient values was 
compared to the critical t from corresponding t table at a significant level, 05.0 D . If the calculated t statistics 
value is larger than the critical value, the null hypothesis of no linear correlation between both variables is rejected.  
Meanwhile, the presence of possible multicollinearity between independent variables was checked using variance 
inflation factor (VIF) which was suggested by Asteriou and Hall (2011). The VIF is calculated based on a tolerance 
which is denoted as 
21 jRtolerance  ,  (3) 
where 2jR  is the determination coefficients of a regression of variable j on all the other variables. Then, the VIF is 
written as 
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tolerance
VIF 1 .  (4) 
The VIF value represents a variable by which the variance of the estimated coefficient is multiplied due to the 
multicollinearity in the model. According to Asteriou and Hall (2011), a VIF of 10 and above indicates that there is 
multicollinearity problem. 
The data was fitted with multiple linear regression model as in Equation 1. The dependent variable, y was the 
child under age of five mortality rate and the independent variables were x1, total of carbon dioxide emissions, x2, 
percentage coverage of Hepatitis B, x3, percentage detection of all forms of tuberculosis, x4, number of reported 
deaths on HIV, x5, number of reported deaths on measles, x6, percentage of population using an improved drinking 
water source, x7, percentage of children immunized against measles, and x8, number of birth trauma reported. The 
OLS method was applied to illustrate the model that best characterizes the dataset of this study, as well as to 
estimate the parameters. 
4. Results and Discussion 
There were 8 independent variables with 47 observations in this study. Child under age of five mortality rate 
(MORTALITY) as the dependent variable was expected to have relationship with the independent variables. 
Correlation matrix between variables for the child mortality rate was displayed in Table 1. Based on Table 1, there 
were strong positive relationship between x2 and x7, x4 and x5, x4 and x8, and x5 and x8. This fact indicates the 
possibility to have in the problem of multicollinearity in the data.  
 
Table 1: Linear correlation coefficients between variables 
 y x1 x2 x3 x4 x5 x6 x7 x8 
y 1.00         
x1 -0.11 1.00        
x2 -0.53 0.01 1.00       
x3 -0.65 0.14 0.43 1.00      
x4 0.18 0.34 -0.54 -0.13 1.00     
x5 0.29 0.19 -0.63 -0.18 0.94 1.00    
x6 -0.80 0.10 0.40 0.56 0.03 -0.10 1.00   
x7 -0.62 0.11 0.80 -0.45 -0.18 -0.31 0.58 1.00  
x8 0.33 0.41 -0.58 -0.21 0.92 0.93 -0.04 -0.27 1.00 
 
As it was mentioned in previous section, if the VIF value is greater than 10, then there is possible 
multicollinearity problem on the corresponding variable. Table 2 presented estimated regression coefficients for the 
Asian child mortality data using full model of multiple linear regression along with VIF values for each independent 
variable. The table showed that variables x4, x5, and x8 have high values of VIF (more than 10) which indicated the 
presence of multicollinearity in the model. These variables were possibly giving redundant effects to the response 
variable. Among these 4 variables, x5 (MEASLES) showed the highest VIF value (21.74), and therefore this variable 
was decided to be omitted for further selection. Result of regression analysis after removing variable x5 was 
displayed in Table 3 which showed better performance in term of the absence of multicollinearity problem which 
was reflected in low values of VIF (less than 10). 
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Table 2: Full model of the child mortality rate study  
 
Variable df 
Parameter 
Estimate 
Standard 
Error 
t p VIF 
Intercept 1 183.97 14.91594 12.33 < 0.0001 0.000 
x1 1 -0.0000079 0.00000178 -4.22 0.0001 2.276 
x2 1 -1.74 24.96 -0.07 0.9449 5.471 
x3 1 -0.10 0.15 -0.70 0.4901 1.922 
x4 1 0.0003 0.0025 0.12 0.9048 13.297 
x5 1 -0.0017 0.00045 -3.73 0.0006 21.736 
x6 1 -147.01 17.85 -8.24 < 0.0001 2.265 
x7 1 -17.18 27.88 -0.62 0.5414 4.413 
x8 1 0.00058 0.000098 5.94 < 0.0001 14.752 
 
 
Table 3: Reduced  model of the child mortality rate study after removing  x5 (MEASLES) 
 
Variable df 
Parameter 
Estimate 
Standard 
Error 
t  p VIF 
Intercept 1 170.77 16.72 10.21 < 0.0001 0.000 
x1 1 -0.0000033 0.0000016 -2.10 0.0420 1.398 
x2 1 12.04 28.49 0.42 0.6748 5.351 
x3 1 -0.30 0.16 -1.93 0.0612 1.662 
x4 1 0.0055 0.0022 -2.48 0.0177 8.054 
x6 1 -121.41 19.02 -6.38 < 0.0001 1.930 
x7 1 -24.92 32.09 -0.78 0.4420 4.388 
x8 1 0.00034 0.000086  4.00 0.0003 8.384 
 
According to the criteria that was set in the backward elimination method for the variable selection, which was
15.0 D , not all independent variables were significantly contributing the child mortality rate.  Independent 
variable with highest p value were removed from the model. From the Table 3, variable x2 (HEPB3) has the highest 
p-value, 0.6748 among all the 7 independent variables, so that this variable needed to be removed from the model. 
The process is continued until no more variables has larger p value than the specified alpha.  When no more 
variables can be removed from the model, a final reduced model was obtained which was displayed in Table 4. 
 
Table 4: Final reduced model for the child mortality rate study after removing all 
insignificant independent variables 
 
Variable Parameter 
Estimate 
Standard 
Error 
Sum of  
Squares 
F p 
Intercept 165.09 13.03 19981 160.48 < 0.0001 
x1 -0.00000345 0.0000015 656.22015 5.27 0.0269 
x3 -0.30 0.15 486.83670 3.91 0.0547 
x4 -0.006 0.0021 1039.63309 8.35 0.0061 
x6 -128.26 16.49 7530.63207 60.48 < 0.0001 
x8 0.00036 0.000082 2347.36048 18.85 < 0.0001 
 
In the final reduced model, it was found variables which were significantly contributing the child mortality rate, 
namely x1 (total of carbon dioxide emissions), x3 (detection percentage of all forms of tuberculosis), x4 (number of 
reported deaths on HIV), x6 (percentage of population using an improved drinking water source), and x8 (number of 
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birth trauma reported). The estimated regression equation of the child mortality rate was written as: 
 
86431 00036.026.1280006.03.00000035.009.165ˆ xxxxxy  . 
 
All variables have negative effects on the child mortality rate except x8. The positive effects of the x8 means that 
higher value of reported number of birth trauma reported corresponds to higher value of the child mortality rate. 
This information suggested us that people in Asia tend to make report regarding their birth trauma when their 
children were dead. Meanwhile, among independent variables which significantly contribute to the child mortality 
rate, variable x6 which is percentage of population using an improved drinking water source has the highest effect on 
the child mortality rate. This clarifies that quality of drinking water has huge impact on the mortality rate, especially 
on children. 
5. Conclusion 
We used multiple linear regression to model child mortality rate in Asia countries. The findings of this study 
revealed that the main determinants affecting mortality rate of children under age of five in Asia countries were 
percentage of case detection for all forms of tuberculosis, number of reported deaths on measles, population using 
an improved drinking water source, and number of birth trauma reported.  
Children are the future leader of the universe. They are group of people who need to be protected the most to 
make sure they have a healthy environment to survive, to grow up. Then only they are able to lead the country to a 
brighter future. Government of each Asia country should come out with a rules or guidelines to improve the living 
quality of children, to let all the children are live healthy and safely.  
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